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Objective: Delirium superimposed on dementia (DSD) is common in many settings. Nonetheless, little is
known about the association between DSD and clinical outcomes. The study aim was to evaluate the
association between DSD and related adverse outcomes at discharge from rehabilitation and at 1-year
follow-up in older inpatients undergoing rehabilitation.
Design: Prospective cohort study.
Setting: Hospital rehabilitation unit.
Participants: A total of 2642 patients aged 65 years or older admitted between January 2002 and
December 2006.
Measurements: Dementia predating rehabilitation admission was detected by DSM-III-R criteria. Delirium
was diagnosed with the DSM-IV-TR. The primary outcome was that of walking dependence (Barthel
Index mobility subitem score of <15) captured as a trajectory from discharge to 1-year follow-up. A
mixed-effects multivariate logistic regression model was used to analyze the association between DSD
and outcome, after adjusting for relevant covariates. Secondary outcomes were institutionalization and
mortality at 1-year follow-up, and logistic regression models were used to analyze these associations.
Results: The median age was 77 years (interquartile range: 71e83). The prevalence of DSD was 8%, and
the prevalence of delirium and dementia alone were 4% and 22%, respectively. DSD at admission was
found to be signiﬁcantly associated with almost a 15-fold increase in the odds of walking dependence
(odds ratio [OR] 15.5; 95% Conﬁdence Interval [CI] 5.6e42.7; P < .01). DSD was also signiﬁcantly asso-
ciated with a ﬁvefold increase in the risk of institutionalization (OR 5.0; 95% CI 2.8e8.9; P < .01) and an
almost twofold increase in the risk of mortality (OR 1.8; 95% CI 1.1e2.8; P ¼ .01).
Conclusions: DSD is a strong predictor of functional dependence, institutionalization, and mortality in
older patients admitted to a rehabilitation setting, suggesting that strategies to detect DSD routinely in
practice should be developed and DSD should be included in prognostic models of health care.
 2014 - American Medical Directors Association, Inc. Open access under CC BY license.a research training fellow.
i, MD, MPH, Department of
ital, Via Aselli 16, Cremona,
. Morandi).
ciation, Inc. Open access under CC Delirium is an acute neuropsychiatric disorder characterized by
inattention, generalized cognitive impairments, and disturbances in
consciousness mainly affecting older, hospitalized patients. Delirium
that occurs in patients with dementia is referred to as delirium su-
perimposed on dementia (DSD).1BY license.
A. Morandi et al. / JAMDA 15 (2014) 349e354350The prevalence of DSD has been reported in acute hospitals,
nursing homes, and community populations, but there are few
studies in rehabilitation facilities. In the only systematic review
investigating its prevalence in various care settings, of 15 studies
identiﬁed, none were in postacute care rehabilitation settings.1
However, a high proportion of patients in acute hospitals have de-
mentia or cognitive impairment,2 and a signiﬁcant proportion is
discharged to postacute facilities with delirium still present.3e7
Both delirium and dementia affect functional recovery, and
especially affect the ability to recover walking after an acute ill-
ness.8e18 This also has been demonstrated in community popula-
tions.19,20 Little attention has been given to the impact of delirium,
and speciﬁcally of DSD, on functional outcomes in rehabilitation
settings, despite the need to predict functional improvement as a part
of the rehabilitation process. The occurrence of delirium alone has
been shown in rehabilitation hospitals to be linked to worse func-
tional outcomes4,21 while the effect of dementia alone is still
controversial.22 One might expect that the overlap between delirium
and dementia as the overlap of delirium with depressive symptoms23
might indeed expose the patient to a greater risk of adverse outcomes
after a rehabilitation treatment. Only one study,3 to our knowledge,
has provided preliminary information on the association between
DSD and functional status. This study found that patients with DSD
were signiﬁcantly more functionally impaired on admission in com-
parison with those with dementia alone, delirium alone, or neither of
these conditions, and that DSD was a predictor of the risk of in-
stitutionalization at discharge. However, the authors did not assess
the role of DSD in predicting functional recovery at discharge and did
not evaluate the effect of confounding factors.
Delirium also has been shown to predict institutionalization and
mortality in different clinical settings24 but few studies have been
conducted to understand the association between DSD and these
outcomes in older adults admitted to acute hospitals and rehabilita-
tion settings.3,17,18,25 DSD predicted worse functional outcomes and
institutionalization in elderly patients at 1-month and up to 1-year
discharge from an acute hospital, although the deﬁnition of dementia
in these 2 studies17,18 was carried out differently. One study used the
IQCODE18 and the second one used a more rigorous approach.17 DSD
in rehabilitation settings was an important predictor of 1-year mor-
tality in a group of 188 older patients25 and of institutionalization at
rehabilitation discharge in 2340 elderly patients.3 However, no in-
formation has been provided on the long-term effect of DSD on in-
stitutionalization in older patients admitted to a rehabilitation
settings and on the importance of DSD on long-term mortality in a
large sample population in these settings.
To address the paucity of data in this area, the purposes of this
study were to evaluate (1) the association between DSD and func-
tional outcomes, speciﬁcally walking recovery at discharge and at
1-year follow-up; and (2) the association among DSD, in-
stitutionalization, and mortality at 1-year follow-up in a cohort of
older inpatients in a rehabilitation unit.Methods
This was a prospective cohort study of inpatients aged 65 and
older consecutively admitted to a rehabilitation unit between January
2002 and December 2006 either after acute hospitalization or directly
from home. The study was conducted in the Department of Reha-
bilitation and Aged Care (DRAC) at the “Ancelle della Carità” Hospital
(Cremona, Italy), an 80-bed unit staffed by geriatricians; psychiatrists;
neuropsychologists; nurses; and physical, speech, and occupational
therapists. The characteristics of this clinical setting have been pre-
viously described.26 The Ethics Committee of Gerontological Sciences
of the Geriatric Research Group approved the study. Informedconsent was obtained from each patient at admission or an available
proxy.Measures
Demographics included age and sex. Comorbidity was deﬁned
according to the Charlson Comorbidity Index (CCI).27 Admission di-
agnoses to the DRAC were recorded. Overall functional status was
assessed with the Barthel Index (BI)28,29 through patient and surro-
gate interview referring to 3 time points: (1) 1 month before the
rehabilitation admission; (2) admission to the rehabilitation facility;
and (3) at discharge.
Presence of delirium at the time of admission was screened for
with the Confusion Assessment Method (CAM) algorithm and it was
conﬁrmed by a gold standard clinical assessment using the Diagnostic
and Statistical Manual of Mental Disorders (4th edition, text revision
[DSM-IV-TR]) by 3 geriatricians (G.B., F.G., R.T.) trained in delirium
and dementia assessment.
The presence of dementia was ascertained during inpatient
rehabilitation by a consensus of 2 out of 3 geriatricians (G.B., F.G., R.T.)
and 1 out of 2 neuropsychologists (E.L, S.M.) in accordance with the
Diagnostic and Statistical Manual of Mental Disorders (3rd edition,
revised [DSM-III-R, 1987]) criteria using a standardized approach,
including assessment of cognitive and functional capacity, reviews of
previous clinical and neuropsychological charts, and scores on Mini
Mental State Examination (MMSE) and/or other neuropsychological
tests. The DSM-III-R criteria were used instead of the DSM-IV-TR
because they do not require a differentiation between subtypes of
dementia and so deﬁnes the presence or absence of dementia per se.
To speciﬁcally evaluate the presence of DSD and to differentiate
it from dementia alone, each family member or caregiver was in-
terviewed to ascertain the acute change of mental status. Addi-
tionally, when available, previous medical records, including
cognitive evaluations, were also used to support the assessors on
determining the acute change in mental status and the presence of
inattention. A ﬁnal consensus diagnosis was obtained by 2 geriatri-
cians (G.B., F.G., R.T.) and 1 neuropsychologist (E.L., S.M.). Instances
of disagreement between 2 geriatricians and a neuropsychologist
were resolved by consensus among the 3 geriatricians and the 2
neuropsychologists.Primary Outcome
The primary outcomewas that of walking dependence captured as
a trajectory from discharge to 1-year follow-up. Degree of walking
dependence at discharge and at 1-year follow-up was assessed using
the BI walking mobility subitem. A score less than 15 (the maximum
score) is robust to the presence of mobility impairment.30,31 The BI
administered by telephone has been shown to be as reliable as to
direct face-to-face assessment.32 This primary outcome was deﬁned a
priori.
Participants were recontacted by telephone to assess walking
ability at 1-year follow-up. The interviewers (F.G., R.T.) asked the
patient or the caregiver to indicate the most accurate description of
the participant’s functional status after reading all possible answers
for the BI walking subscore.Secondary Outcomes
Nursing home placement and mortality were ascertained through
telephone interview with family members at 1 year after the
discharge.
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Demographics and clinical variables were summarized using
median and interquartile range (IQR) for continuous variables or
proportions for categorical variables. The independent associations
between cognitive diagnosis (none, dementia, delirium, DSD) (expo-
sure) and walking dependency at discharge and at 12 months (out-
comes) were estimated using random-effects logistic regression
models, with a random effect for intercepts and slopes. Speciﬁcally,
dementia, delirium, and DSD were compared with the reference
group (no delirium and no dementia.) Such a model allows accounts
for the longitudinal effects of cognitive diagnosis on the outcome;
that is, how delirium and/or dementia inﬂuence general walking
dependency at discharge and the change 1 year later. Models were
adjusted by age, sex, length of stay, preadmission walking impair-
ment, place of care before admission, C-reactive protein, and CCI.33
These last 2 variables were transformed to accommodate the de-
gree of positive skew. These variables were selected a priori according
to their potential clinical relevance on the outcomes. In this model,
patients who died in the year following discharge were excluded.
Two additional logistic regression models were used to estimate
the association between cognitive diagnosis (none, dementia,
delirium, DSD) and nursing home (NH) placement and mortality at 1-
year follow-up. Models were adjusted for the same covariates of the
random-effects logistic regression models. In the model exploring the
association between DSD and NH placement, we excluded patients
who died in the year following discharge.
To evaluate a possible interaction between delirium and dementia
we constructed 3 additional models including an interaction term
(delirium*dementia) and 2 separate variables (ie, delirium and de-
mentia). All the other variables were the same as described previ-
ously in the random-effects logistic regression model and in the 2
logistic regression models.
All statistical analyses were performed using STATA version 12
(Stata Corp, College Station, TX).
Results
A total of 2642 patients were consecutively admitted to the DRAC
during the study period (Table 1). The patients had a median age ofTable 1
Characteristics of 2642 Elderly Patients Admitted to a Rehabilitation and Age Care
Unit
Variable n ¼ 2642
Age, y, median (IQR) 77 (71e83)
Sex, female, n (%) 1908 (73)
Barthel Index preadmission, median (IQR) 92 (74e100)
Barthel Index at admission, median (IQR) 60 (36e82)
Barthel Index at discharge, median (IQR) 87 (66e97)
Place of care before rehabilitation admission, n (%)
Home 1192 (45)
Non home* 1450 (55)
Charlson Comorbidity Index, median (IQR) 2 (1e3)
C-reactive protein at admission, mg/dL, median (IQR) 0.7 (0.5e3.7)
Admission diagnoses, n (%)
Orthopedic 957 (37)
Neurologicy 993 (37)
Cardiovascular 147 (6)
Respiratory 60 (2)
Gait disturbances 485 (18)
Delirium alone at admission, n (%) 110 (4)
Dementia alone at admission, n (%) 584 (22)
Delirium superimposed on dementia at admission, n (%) 213 (8)
Length of stay, d, median (IQR) 21 (16e28)
IQR, interquartile range.
*Either acute hospital or other rehabilitation settings.
yIncluding stroke, Parkinson disease, and neurologic gait disturbances.77 years and most were women (73%). About half of the patients were
admitted from an acute hospital (n ¼ 1140); the remaining were
either admitted from home (n ¼ 1195) or from other rehabilitation
settings (n ¼ 307). The main admission diagnoses were orthopedic
(37%) and neurologic (37%), followed by gait disturbances (18%). The
prevalence of DSD on admission was 8%, and the prevalence of
delirium alone and dementia alone were 4% and 22%, respectively.
Of the patients with DSD, 87% (n ¼ 145) and 69% (n ¼ 115) pre-
sented with mobility dependency at the time of discharge and at
1-year follow-up, respectively (Figure 1; Appendix Table1). The dis-
tribution of mobility dependency in the dementia and delirium-alone
group was similar. At discharge from rehabilitation, 92% were dis-
charged to home, 4% to a nursing home, 2% were transferred to
another rehabilitation facility, and 2% to an acute hospital. In the year
after discharge, 176 patients were institutionalized (42% [n ¼ 73] with
dementia alone, 6% [n ¼ 10] with delirium alone, 24% [n ¼ 43] with
DSD) and 239 died (42% [n ¼ 67] with dementia alone, 5% [n ¼ 13]
with delirium alone, and 20% [n ¼ 47] with DSD).
In the mixed-effects multivariable logistic regression model
(Table 2), DSD at admission was found to be signiﬁcantly associated
with more than a 15-fold increase in the odds of walking dependence
at discharge and at follow-up (odds ratio [OR] 15.5; 95% conﬁdence
interval [CI] 5.6e42.7; P < .01). Delirium alone (OR 4.3; 95% CI
2.1e8.9; P < .01) and dementia alone (OR 3.45; 95% CI 2.39e4.97; P <
.01) were associated with walking dependence at discharge and at
follow-up, but their effects were smaller. The evaluation of the effect
of time on the odds of mobility dependency showed that (OR 0.71;
95% CI 0.58e0.87; P < .01) there was an overall tendency for
improved mobility between discharge and follow-up. The greatest
improvements in mobility dependence during the year after the
rehabilitation discharge were seen in the 2 groups with DSD and
delirium alone (Figure 2). Nonetheless, the negative effect of DSD on
functional outcomes persisted at 1-year follow-up.
In the multivariable logistic regression model (Table 3), DSD at
admission was signiﬁcantly associated with a ﬁvefold increase in the
risk of institutionalization (OR 5.0; 95% CI 2.8e8.9; P < .01). Delirium
alone (OR 2.4; 95% CI 1.0e5.7; P ¼ .04) and dementia alone (OR 3.3;
95% CI 2.1e5.3; P < .01) were also signiﬁcantly associated with in-
stitutionalization. Finally, DSD was associated with an almost twofold
increase in the risk of mortality (OR 1.8; 95% CI 1.1e2.8; P ¼ .01),
whereas an association was not detected between either dementia
alone or delirium alone and mortality.
No statistically signiﬁcant association was found for the interac-
tion between delirium and dementia in the 3 additional models,
including the interaction term delirium and dementia (data not
shown).
Discussion
This study speciﬁcally investigated the association between DSD
and short- and long-term functional outcomes, including the risk of
long-term mortality and institutionalization, in a large population of
elderly patients admitted to a rehabilitation setting. DSD was found to
be signiﬁcantly associated with almost a 15-fold increase in the odds
of walking dependence at rehabilitation discharge after rehabilitation
training and even at 1-year follow-up. Although patients with
delirium alone or dementia alone also had higher risks of worse
functional outcomes at discharge and at 1-year follow-up, these risks
appeared lower than in patients with DSD. DSD was also associated
with a ﬁvefold increase in the risk of institutionalization and an
almost twofold increase in the risk of mortality at 1-year follow-up.
Previous studies have investigated the role of delirium on func-
tional outcomes but they have not speciﬁcally addressed the effect of
the combination of delirium and dementia.4,21 A ﬁrst study, carried
out in postacute care facilities with a total population of 551 patients,
Fig. 1. Distribution of mobility dependence at discharge and at follow-up according to the cognitive diagnosis (no delirium no dementia, delirium alone, dementia alone, DSD). In
this description are excluded the 239 patients who died in the year after the discharge. Mobility dependency was deﬁned using the Barthel Index mobility subitem score <15.
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signiﬁcantly associated with poor functional recovery over a 1-week
period both in activities of daily living (ADLs) and in instrumental
ADLs.21 Only 5% of the sample had a preexisting diagnosis of de-
mentia and no speciﬁc analysis addressed the effect of DSD on
functional outcomes compared with patients with only delirium or
dementia. The study also was limited by the fact that nursesTable 2
Mixed-Effect Logistic Regression on the Effect of Delirium Superimposed on De-
mentia (DSD)* on Walking Dependence at Rehabilitation Discharge and at 1-Year
Follow-Upy
Odds
Ratio
95% Conﬁdence
Interval
P Value
Dementia alone 3.45 2.39e4.97 .00
Delirium alone 4.31 2.08e8.94 .00
DSD 15.50 5.62e42.67 .00
Age 1.03 1.02e1.04 .00
Sex, female 0.83 0.67e1.02 .08
Place of care before admission (hospital) 1.11 0.91e1.37 .30
Length of stay, d 1.05 1.03e1.06 .00
Charlson Comorbidity Index 1.35 1.19e1.53 .00
Mobility dependence preadmission 8.25 6.50e10.45 .00
C-reactive protein, mg/dL 1.14 1.02e1.27 .02
Effect of diagnosis on change over time 0.71 0.58e8.71 .00
Change over time, slope 0.72 0.59e0.87 .00
*The diagnosis of DSD, delirium alone, and dementia alone were compared with
the reference group (no delirium, no dementia).
yThe independent associations between cognitive diagnosis (none, dementia,
delirium, DSD) (exposure) and walking dependency at discharge and at 12 months
(outcomes) were estimated using random-effects logistic regression models, with a
random effect for intercepts and slopes. Speciﬁcally, dementia, delirium, and DSD
were compared with the reference group (no delirium and no dementia.) Models
were adjusted by age, sex, length of stay, preadmission walking impairment, place
of care before admission, C-reactive protein, and comorbidity index. These variables
were selected a priori according to their potential clinical relevance on the out-
comes. In this model, patients who died in the year following discharge were
excluded.performed delirium assessments without using a speciﬁc clinical tool
to detect its presence, but used the Minimum Data Set for Post-Acute
Care (MDS-PAC). The MDS-based delirium assessment has been
recently reported to have limited validity.34 More recently, in a
population of 393 elderly patients, Kiely and colleagues4 found that
persistence of delirium was a predictor of unsuccessful functional
recovery at 2-week and 1-, 3-, and 6-month follow-up. Patients who
resolved their delirium by 2 weeks of postacute admission regained
100% of their preadmission functional status, whereas patients for
whom delirium never resolved retained less than 50% of their pre-
admission functional status. Nearly a third of these patients had
preexisting dementia. However, this study was performed in a post-
acute care setting not speciﬁcally devoted to rehabilitation. BothFig. 2. Proportion of patients with mobility impairment at rehabilitation discharge and
at 1-year follow-up according to the cognitive diagnosis (none, delirium, dementia,
DSD). The greatest improvements in mobility are seen in the delirium and DSD groups.
The negative effect of DSD on mobility dependence is sustained at 1-year follow-up.
Table 3
Association Between DSD and Nursing Home Placement and Mortality at 1-Year
Follow-up
Odds
Ratio
95% Conﬁdence
Interval
P Value
Nursing home placement
Dementia alone 3.31 2.07e5.28 .00
Delirium alone 2.41 1.02e5.66 .04
DSD 4.99 2.80e8.85 .00
Age 1.07 10.4e1.10 .00
Sex, female 0.96 0.61e1.52 .88
Place of care before admission (hospital) 1.13 0.73e1.76 .56
Length of stay, d 1.00 0.98e1.02 .92
Charlson Comorbidity Index 1.00 0.73e1.37 .97
Mobility dependence preadmission 2.55 1.54e4.21 .00
C-reactive protein, mg/dL 1.12 0.94e1.34 .21
Mortality
Dementia alone 1.07 0.73e1.59 .71
Delirium alone 1.54 0.77e3.07 .22
DSD 1.76 1.10e2.80 .01
Age 1.07 1.05e1.09 .00
Sex, female 0.66 0.46e0.93 .02
Place of care before admission (hospital) 1.66 1.18e2.34 .04
Length of stay, d 0.98 0.96e0.99 .03
Charlson Comorbidity Index 1.41 1.31e1.52 .00
Mobility dependence preadmission 2.12 1.47e3.05 .00
C-reactive protein, mg/dL 1.06 1.02e1.09 .00
DSD, delirium superimposed on dementia.
Two logistic regression models were used to estimate the association between
cognitive diagnosis (none, dementia, delirium, DSD) and nursing home placement
and mortality at 1-year follow-up. Models were adjusted for by age, sex, length of
stay, preadmission walking impairment, place of care before admission, C-reactive
protein, and Charlson Comorbidity Index. In the model exploring the association
between DSD and nursing home placement, we excluded patients who died in the
year after discharge. The diagnosis of DSD, delirium alone, and dementia alone were
compared with the reference group (no delirium, no dementia).
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investigate the outcomes associated to DSD compared with the de-
mentia or delirium-alone subgroups.
These results provide new knowledge about the possible prog-
nostic role of DSD in patients undergoing rehabilitation, in that DSD
was strongly linked to adverse outcomes. The association between
DSD and adverse outcomes underlines the clinical importance of its
effect. It remains uncertain if DSD is worse than delirium or dementia
alone, as suggested by the differences in the ORs and as described by
the distribution of mobility dependence in Figure 1. A larger study
would be required to test this association adequately.
Previous investigations have reported that patients with DSD,
compared with patients with dementia and delirium alone, have a
twofold increased risk of being institutionalized at discharge andmore
than a twofold increase in the risk of mortality in the 12 months after
discharge from a rehabilitation setting.3,25 Additionally, in acute hos-
pitals, patientswith DSD comparedwith patients with dementia alone
were exposed to a higher risk of short-, medium-, and long-term
functional decline and short-term mortality.17,18 Acutely hospitalized
patients with DSD carry a signiﬁcantly higher risk of institutionaliza-
tion at 1-year follow-up than those with neither delirium nor de-
mentia.18 In our population, the presence of DSD at the time of
admission was associated with increased 1-year mortality and in-
stitutionalization rates, consistent with previous data on the effect of
DSDonmortality in a smaller cohort25 and the reportedeffectofDSDon
institutionalization in acutely hospitalized elderly patients.17,18
Similar to the effect on institutionalization and mortality, in our
population, DSD had an additive effect on the ability to walk inde-
pendently at discharge and at 1-year follow-up for the patients with
DSD and dementia alone.
The ﬁndings of worse outcomes related to DSD might be ex-
plained by reference to the pathophysiology of delirium in patientswith dementia. Dementia is one of the biggest predisposing risk
factors for delirium, and in this population, systemic inﬂammation,
caused by infection, injury or surgery, is one of the major triggers.35,36
According to the model proposed by Inouye and colleagues,37 severe
precipitants are required to precipitate delirium in healthy popula-
tions, whereas much milder stimuli can trigger a delirious episode in
patients with preexisting dementia. In these patients, even a mild
infection can be the main trigger for delirium and the occurrence of
DSD could lead to a more rapid cognitive decline than dementia
alone, suggesting that the primary insult that causes delirium may
directly exacerbate the underlying cognitive impairment.38,39 The
worsening of the cognitive impairment due to delirium could then be
responsible for the worse functional outcomes seen in our study.
There are also possible clinical explanations on the association
between DSD and negative outcomes. The presence of dementia
alone could per se interfere with the possibility of delivering a well-
organized rehabilitation intervention due to the presence of cognitive
deﬁcits, such as executive functions, memory, and attention. The
literature reports inconsistent data on the implication of the presence
of cognitive impairment and functional recovery after an acute
illness, and in particular on the severity of cognitive impair-
ment.14,15,40,41 The coexistence of delirium and dementia is not likely
to facilitate the rehabilitation process, especially in light of the
worsening of the cognitive performance of patients with dementia
after an episode of delirium.19,20,42 If the motor rehabilitation of pa-
tients with dementia is far from being an evidence-based disci-
pline,43,44 this is indeed even more evident in patients with DSD.
Randomized controlled studies are warranted to provide clinicians
and health care providers with speciﬁc protocols to improve the
motor and cognitive rehabilitation of elderly patients with DSD.
Finally, the functional recovery between the rehabilitation
discharge and the 1-year follow-up, especially in patients with DSD
and delirium, might be related to a survival effect. However, the
ﬁnding of greater functional recovery in the patients with delirium
alone is in line with previous investigations showing that patients
who actually resolve delirium have more functional recovery
compared with patients without delirium or with persistent
delirium.21 We have not assessed patients at hospital discharge and
therefore we can only assume that the functional improvement is in
part due to delirium resolution. These ﬁndings have not been previ-
ously shown in patients with DSD, suggesting that even in patients
with dementia the excess of disability due to dementia can resolve
after a rehabilitation intervention.
Our study includes a number of strengths. First, this is the ﬁrst
study to speciﬁcally investigate the short- and long-term effects of
DSD on functional outcomes and institutionalization in a large cohort
of older patients. Second, we separately considered the effect of DSD,
dementia, and delirium in a setting generally underrepresented in the
literature. Third, expert geriatricians collected delirium and dementia
diagnoses, along with measures of functional status. Fourth, we used
a valid measure to assess functional status at follow-up by telephone
interview. Fifth, we achieved a 100% follow-up rate for the evaluation
of functional status, mortality, and NH placement after discharge.
Limitations include the single center nature of the study. We were
unable to assess duration and persistence of delirium at rehabilitation
discharge and also to determine the etiology and severity of delirium.
Additionally, future studies should account for the occurrence of
additional episodes of delirium after the hospital discharge.
This study provides new ﬁndings on short- and long-term func-
tional outcomes and long-term institutionalization in older patients
with dementia and delirium admitted to a rehabilitation setting. The
study also extends the knowledge on the long-term effect of DSD on
mortality. The occurrence of DSD should be seen and considered by
clinicians as an important prognostic factor. Future investigations are
A. Morandi et al. / JAMDA 15 (2014) 349e354354required to evaluate the inclusion of DSD in prognostic models for
health care planning and to test intervention protocols to improve
functional outcomes in patients with DSD.
Supplementary Data
Supplementary data related to this article can be found online at
http://dx.doi.org/10.1016/j.jamda.2013.12.084.
References
1. Fick DM, Agostini JV, Inouye SK. Delirium superimposed on dementia: A sys-
tematic review. J Am Geriatr Soc 2002;50:1723e1732.
2. Sampson EL, Blanchard MR, Jones L, et al. Dementia in the acute hospital:
Prospective cohort study of prevalence and mortality. Br J Psychiatry 2009;195:
61e66.
3. Torpilliesi T, Bellelli G, Trabucchi M. Delirium superimposed on dementia is
more predictive of adverse outcomes than dementia alone. Int J Geriatr Psy-
chiatry 2010;25:435e436.
4. Kiely DK, Jones RN, Bergmann MA, et al. Association between delirium reso-
lution and functional recovery among newly admitted postacute facility pa-
tients. J Gerontol A Biol Sci Med Sci 2006;61:204e208.
5. Marcantonio ER, Kiely DK, Simon SE, et al. Outcomes of older people admitted
to postacute facilities with delirium. J Am Geriatr Soc 2005;53:963e969.
6. Morandi A, Han JH, Callison C, et al. Delirium in nursing home residents across
care transitions: A preliminary report. J Am Geriatr Soc 2009;57:1956e1958.
7. Bellelli G, Speciale S, Barisione E, Trabucchi M. Delirium subtypes and 1-year
mortality among elderly patients discharged from a post-acute rehabilitation
facility. J Gerontol A Biol Sci Med Sci 2007;62:1182e1183.
8. Marcantonio ER, Flacker JM, Michaels M, Resnick NM. Delirium is indepen-
dently associated with poor functional recovery after hip fracture. J Am Geriatr
Soc 2000;48:618e624.
9. Murray AM, Levkoff SE, Wetle TT, et al. Acute delirium and functional decline in
the hospitalized elderly patient. J Gerontol 1993;48:M181eM186.
10. Inouye SK. Delirium in hospitalized older patients: recognition and risk factors.
J Geriatr Psychiatry Neurol 1998;11:118e125. discussion 157e118.
11. O’Keeffe S, Lavan J. The prognostic signiﬁcance of delirium in older hospital
patients. J Am Geriatr Soc 1997;45:174e178.
12. Francis J, Kapoor WN. Prognosis after hospital discharge of older medical pa-
tients with delirium. J Am Geriatr Soc 1992;40:601e606.
13. Huusko TM, Karppi P, Avikainen V, et al. Randomised, clinically controlled trial
of intensive geriatric rehabilitation in patients with hip fracture: subgroup
analysis of patients with dementia. BMJ 2000;321:1107e1111.
14. Landi F, Bernabei R, Russo A, et al. Predictors of rehabilitation outcomes in frail
patients treated in a geriatric hospital. J Am Geriatr Soc 2002;50:679e684.
15. Stenvall M, Berggren M, Lundstrom M, et al. A multidisciplinary intervention
program improved the outcome after hip fracture for people with demen-
tiadsubgroup analyses of a randomized controlled trial. Arch Gerontol Geriatr
2012;54:e284ee289.
16. Yu F, Evans LK, Sullivan-Marx EM. Functional outcomes for older adults with
cognitive impairment in a comprehensive outpatient rehabilitation facility.
J Am Geriatr Soc 2005;53:1599e1606.
17. Fick DM, Steis MR, Waller JL, Inouye SK. Delirium superimposed on dementia is
associated with prolonged length of stay and poor outcomes in hospitalized
older adults. J Hosp Med 2013;8:500e505.
18. McCusker J, Cole M, Dendukuri N, et al. Delirium in older medical inpatients
and subsequent cognitive and functional status: A prospective study. CMAJ
2001;165:575e583.
19. Davis DH, Muniz Terrera G, Keage H, et al. Delirium is a strong risk factor for
dementia in the oldest-old: A population-based cohort study. Brain 2012;135:
2809e2816.20. Fong TG, Jones RN, Marcantonio ER, et al. Adverse outcomes after hospitali-
zation and delirium in persons with Alzheimer disease. Ann Intern Med 2012;
156:848e856. W296.
21. Marcantonio ER, Simon SE, Bergmann MA, et al. Delirium symptoms in post-
acute care: Prevalent, persistent, and associated with poor functional recovery.
J Am Geriatr Soc 2003;51:4e9.
22. Landi F, Liperoti R, Bernabei R. Postacute rehabilitation in cognitively impaired
patients: comprehensive assessment and tailored interventions. JAMA 2011;
12:395e397.
23. Givens JL, Jones RN, Inouye SK. The overlap syndrome of depression and
delirium in older hospitalized patients. J Am Geriatr Soc 2009;57:1347e1353.
24. Witlox J, Eurelings LS, de Jonghe JF, et al. Delirium in elderly patients and the
risk of postdischarge mortality, institutionalization, and dementia: A meta-
analysis. JAMA 2010;304:443e451.
25. Bellelli G, Frisoni GB, Turco R, et al. Delirium superimposed on dementia pre-
dicts 12-month survival in elderly patients discharged from a postacute
rehabilitation facility. J Gerontol A Biol Sci Med Sci 2007;62:1306e1309.
26. Bellelli G, Magniﬁco F, Trabucchi M. Outcomes at 12 months in a population of
elderly patients discharged from a rehabilitation unit. JAMA 2008;9:55e64.
27. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: Development and validation.
J Chronic Dis 1987;40:373e383.
28. Mahoney Fi BD. Functional evaluation: The Barthel index. Md State Med J 1965;
14:61e65.
29. Lawton MP, Brody EM. Assessment of older people: Self-maintaining and
instrumental activities of daily living. Gerontologist 1969;9:179e186.
30. Granger CV, Cotter AC, Hamilton BB, Fiedler RC. Functional assessment scales:
A study of persons after stroke. Arch Phys Med Rehabil 1993;74:133e138.
31. De Wit L, Putman K, Devos H, et al. Long-term prediction of functional outcome
after stroke using single items of the Barthel Index at discharge from reha-
bilitation centre. Disabil Rehabil; 2013. Epub ahead of print.
32. Della Pietra GL, Savio K, Oddone E, et al. Validity and reliability of the Barthel
index administered by telephone. Stroke 2011;42:2077e2079.
33. Morandi A, Sleiman I, Rozzini R, Trabucchi M. C-reactive protein and delirium
in acute ill elderly patients. Age Ageing 2007;36:473.
34. Poss JW, Jutan NM, Hirdes JP, et al. A review of evidence on the reliability and
validity of Minimum Data Set data. Healthc Manage 2008;21:33e39.
35. Inouye SK, Zhang Y, Jones RN, et al. Risk factors for delirium at discharge:
Development and validation of a predictive model. Arch Intern Med 2007;167:
1406e1413.
36. Maclullich AM, Ferguson KJ, Miller T, et al. Unravelling the pathophysiology of
delirium: A focus on the role of aberrant stress responses. J Psychosom Res
2008;65:229e238.
37. Inouye SK, Charpentier PA. Precipitating factors for delirium in hospitalized
elderly persons. Predictive model and interrelationship with baseline vulner-
ability. JAMA 1996;275:852e857.
38. Cunningham C. Systemic inﬂammation and delirium: Important co-factors in
the progression of dementia. Biochem Soc Trans 2011;39:945e953.
39. Cunningham C, Maclullich AM. At the extreme end of the psychoneur-
oimmunological spectrum: delirium as a maladaptive sickness behaviour
response. Brain Behav Immun 2013;28:1e13.
40. Morghen S, Gentile S, Ricci E, et al. Rehabilitation of older adults with hip
fracture: Cognitive function and walking abilities. J Am Geriatr Soc 2011;59:
1497e1502.
41. Hauer K, Becker C, Lindemann U, Beyer N. Effectiveness of physical training on
motor performance and fall prevention in cognitively impaired older persons:
A systematic review. Am J Phys Med Rehabil 2006;85:847e857.
42. Fong TG, Jones RN, Shi P, et al. Delirium accelerates cognitive decline in Alz-
heimer disease. Neurology 2009;72:1570e1575.
43. Bellelli G, Morandi A, Gentile S, Trabucchi M. Rehabilitation of elderly adults
with severe cognitive impairment: It is time for evidence. J Am Geriatr Soc
2012;60:998e999.
44. Bellelli G, Bernardini B, Trabucchi M. The speciﬁcity of geriatric rehabilita-
tion: Myth or reality? A debate from an Italian perspective. JAMA 2012;13:
94e95.e1.
